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CHAPTER I 
INTRODUCTION 
:Protein is the most limiting nutrient for man.and domestic animals. 
Protein· requirements of non-ruminants are met by the incl\1sion of pre-
formed proteins or amino acids in their diets. lfowever, ruminants have 
microflora in the rumen.which can convert non-protein nitrogen (NPN) 
into microbial protein which is utilized. Preformed proteins are 
expensive and are in great demand for the feeding of non-ruminants. 
There is a.lso a great need to preserve proteins for the ever-increasing 
human population. _Decreased sµpplies of proteins have drawn the atten-
tion of research workers to the µse of NPN sources for ruminants. Urea 
is the most widely used NPN source for ruminants. Its usage in ruminant 
rations is increasing and it is projected that in the United.States 
over210 thoµsand metric toQ.s of feed grade urea will be lfSed for this 
purpose by 1970. 
Urea is hydrolyzed by ruminal urease into ammonia and carbon 
dioxide. Ammonia can be used in the synthesis of microbial protein. 
One limiting factor in urea utilization concerns the fact that it is 
µsually ·hydrolyzed. so rapidly that much ammonia :i,.s absorbed into. the 
body and thus, escapes incorporation into microbial protein. Induction 
of jackbean urease immunity in,ruminants and non-ruminants has been 
. shown to decrease the release of ammonia from urea and result in 
increased rate and efficiency of growth in animals. The present study 
was designed to investigate the effect and mode of action of jackbean 
urease innnunity on the performance of ruminant animals. 
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CHAPTER II 
REVIEW OF LITERATURE 
Urease 
Urease (urea amidohydrolase, EC 3.5.1.5) which catalyzes the 
hydrolysis of urea to ammonia and carbon dioxide was isolated from jack-
bean (Canavalia ens iformis L.) by Sumner (1926). Sumner and Somers 
(1953) reported that it occurs in over 200 species of bacteria, in 
several species of yeast, in fungi and in large numbers of higher 
plants. Its presence was observed in bl~e-green algae (Berns et al., 
1966) and in some species of protozoa (Hunter, 1957, 1959). 
Sumner (1926) described urease as a crystallizable globulin pro-
tein. It was isoelectric at pH 5.0 to 5.1 (Sumner and Hand, 1929; 
Wills, 1952; Creeth and Nichol, 1960), lt could polymerize and the 
polymers could dissociate into enzymatically active subunits (Creeth 
and Nichol, 1960; Gorin et al., 1962; Sehgal, 1964; Gorin and Chin, 
1967). Creeth and Nichol (1960) and Gorin et al. (1962) reported that 
polymers of urease were formed by intermolecular disulfide cross link-
ages. The 19 S protein was found to be the main and most stable compo-
nent of urease (Sumner~ al., 1938; Sehgal, 1964), The molecular 
weight of urease was found to be 483,000 (Sumner et al., 1938). Reithal 
et al. (1964) reported that the molecular weight of a structural subunit 
of urease was 83,000, whereas Hand (1939) stated that a dissociated 
particle of molecular weight 17~000 could still be enzymatically active. 
3 
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Gorin and Chin (1967) observed that urease molecular weight 480,000 
could dissociate into two subunits in 0.1 M acetate buffer, pH 3.5. 
Each subunit wa.s a 9,8. S protein with a molecular weight of 240,000. 
Urease was considered absolutely specific for urea (Sumner, 1951), 
. . . 
however, Fishbein et al. (1965) apd Fishbein (1967) reported that urease 
catalyzed hydrolysis of hydroxyurea and dihydroxyurea to yield 
ammonia, carbon dioxide and hydroxylamine. 
,Wall and Laidler (1953) studied the kinetics of Jackbean urease 
catalyzed hydrolysis of urea in trishydroxymethylaminomethane sulfate 
(tris) buffer at 21° C .. They. found that the optimum pH was 8.0, and 
-3 the Km at this pH was 4.0 x lO M. 
In urease catalyzed hydrolysis of urea the formation of ammonium 
carbamate was observed by many research workers (Sumner, 1951) .. Gorin 
(1959) found that carbamate was directly. formed from urea and was an 
intermediate in the enzymatic hydrolysis of urea to ammonia and carbon 
dioxide. 
Ruminal Urease 
Urease activity is found in rumen mucosa (Luck, 1924) and rumen 
contents (Pearson and Smith, 1943), . Urease activity of rumen contents 
is attributed to ruminal bacteria (Jones et al., 1964a). As about 60 
percent of urease activity present in rumen mucosa was removed by 
washing, a1;1d kinetic properties of urease preparations made fromruminal 
bc:1.cteria or rumen mucosa were not different, Rahman and,Decker (1966) 
concluded that urease in rumen mucosa originated from bacteria. lnhi-
bition of urease activity of rumen mucosa by the use of antibacterial 
agents (Houpt and Houpt, 1968) further supported this concll,1sion. Houpt 
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and Houpt (1968) postulated that some ruminal urease penetrates the 
rumen mucosa. 
Jones et al. (1964b) observed that ruminal urease prepared from 
mixed rumen microflora was stimulat.ed by Mn++, Mg-H-, ca*, Sr++ and 
Ba++, and inhibited by Na+, K+ andCo++ .. However, Jones (1965) reported 
that the urease produced from an isolated rumen bacteria showed inhibi-
tion with Mn++, stimulation.with Mg-H- and no.effect with Ca++. On the 
basis of varying effects of Mn++, Mg;+ and Ca++ on urease activity of 
the rumen isolate a11d the uniform stimulatory effects of these ions on 
urease activity of mixed rumen microorganisms, Jones (1965) suggested 
that the bacterial. species responsible for ruminal urease activity may 
differ in behavior to divalent cations. 
Rahman.and Decker (1966) studied the kinetics of tuminal urease 
catalyzed hydrolysis of urea in tris buffer at 20°.c. They found that 
-3 the optimum.pH was 8.5, and the~ at this pH was 1.5 x 10 M. 
Abou.Akkada and Howard (1962) demonstrated that rumen protozoa, 
Entodinium caudatum, possessed no urease activity. Jones et al. (1964a) 
observed that about 1.8 percent of rumen urease activity was associated 
with the protozoal fraction; however, they.suggested a possible contami-
nation of their suspensions of protozoa by ureolytic bacteria. 
Gibbons and Doetsch (1959) isolated from bovine rumen fluid an 
obligately anaerobic, gram-positive rod, which is related to. 
Lactobacillus bifidus. Carroll (1960) isolated two urease strains of 
Lactobacillus bifidus in numbers of 107 per ml. from a steer rumen. 
Isolation of a urease positive strain of Aerobacter aerogenes from sheep 
was reported by SosnovskaJa (1959). Urease activity in other isolates 
from the rumen was reported in facultative anaerobic gram-positive 
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micrococci (Mann ~ al., 1954), coliform organisms (Mackay and Oxford, 
1954), gram-negative rod type organisms, presumably proteus !P.E.· and 
some micrococci (Appleby, 1955), actinomycetes (Carroll, 1960),. strains 
of butyrivibrio gram-nega'tive motile rods (Abou Akkada and Blackburn, 
1963), gram-positive cocci (Blackburn andHobson, 1962; Abou.Akkada and 
Blackburn, 1963), and a facultative gram-negative coccµs (Jones~ al., 
1964a). 
Jones (1967) stated that some of the urease positive rumen iso-
lates, described by many. worke.rs, are not trµe rumen bacteria beca\lse 
they enter the rumen only as "passengers" from feed and soil. Among 
these passengers he considered were the proteµs strains of Appleby 
(1955), acl;:inomycetes of Carroll (1960), and coliforms of Mackay and 
Oxford (1954) .. He bel:i.eves that the passenger bacteria could play some 
part in metabolism in the rumen. 
· None of the washed cell suspensions of anaerobic ureolytic rumen 
isolates was active enough, to account for the total .urease activity 
observed in rumen fluid. Thus, it seems logical to coriclude that either 
the present cultural methods are not adequate to isolate all urease 
producing organisms (Carroll, 1960) or low levels of urease must be 
present in many bacterial. species rather than.a few active urea 
hydrolysers (Carroll, 1960; Hungate, 1963). 
Urea Metabolism in the Ruminant 
Hydrolysis in the rumen of both exogenoµs and endogenous urea to 
ammonia and carbon.dioxide appears to be the first step in its utiliza~ 
tion .. Ammonia concentration in the rumen represents a balance between 
utilization by rumen bacteria, metabolism in.the rumenwall, absorption 
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into the portal vein and passage to the omasum. Ruminal ammonia con-
centration varies from 0-130 mg./100 ml. (Johns, 1955). 
Ammonia Utilization by Rumen Microorganisms 
Utilization of ammonia fot synthesis of bacterial proteins depends 
primarily on the capacity of rumen bacteria to metabolize it. Ammonia 
is an essential nutrient for the growth of Bacteriodes succinogenes, 
Ruminococcus flavefaciens, Ruminococcus albus, Bacteriodes amylophilus, 
.Methanobacterium ruminantium, and.Eubacterium ruminantium (Bryant, 1963; 
. Hungate, 1966), Addition of nitrogen sources yielding ammonia stimu-
lated in.vitro digestion of cellulose (Belasco, 1954; Chalupa~~-, 
1963; Little ~ ~·, 1963) and starch (Acord et al., 1966; 1968). 
Bruggemann et~- (1962) reported that both cellulolytic and amylolytic 
activities in vitro of mixed rumen microorganisms were increased when 
urea replaced soybean meal. as a crude protein supplement for cattle, 
Thus, it appears that ammonia is important in the nutrition of both 
cellulolytic and amylolytic rumen bacteria. Additional evidence was 
provided by el~Shazly et~· (1961), who.found that inhibition of 
cellulose digestion by dietary starch was primarily due to a competition 
for nitrogen between. cellulolytic and amylolytic bacteria. This condi-
tion maybe alleviated by urea supplementation. The effect of dietary 
urea on rumen microorganisms was studied by Gall~~· (1951) and 
Briggs~ al, (1964). The former workers reported an increase in total 
counts of bacteria when casein of a semi-purified diet was replaced by 
urea. Brigss ~ !!._. (1964) reported that when urea replaced.soybean 
meal, it increased counts/ml. of entodinia, flagellates, total bacteria, 
amylolytic bacteria and cellulolyticbacteria. 
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Synthesis of amino acids from ammonia by rumen microorganisms 
requires the use of ammonia 1 . "carbon skeletons" and energy. Utilization 
of carbon from carbohydrates (McNaught, 1951; Hoover et al., 1963) co2 
Gfuhtanen e~ al,, 1954; Otagaki et al., 1955), isovaleric acid (Allison 
et~,, 1959), acetate and other volatile fatty acids (Hoover et al., 
1963) indicates that carbon from a wide variety of sources could be 
used for synthesis of amino acids. However, synthesis of leucine from 
isovalerate (Allison et al,, 1966), isoleucine from 2-methyl butyrate 
(Hungate, 1966), valine from isobutyrate (Allison and Bryant, 1963), 
phenylalanine from phenylacetate (Allison, 1965) and tryptophan from 
indole~3-acetate (Allison and Robinson, 1967) reveals the requirement of 
certain specific carbon skeletons for synthesis of certain amino acids. 
Energy for amino acid synthesis is provided by dietary carbo-
hydrates or other organic compounds, Hogan and Weston (1967) ca+culated 
that approximately 15 gm. microbial protein was synthesized for each 
100 gm,. of organic matter utilized in the rumen, This value roughly 
agrees with that determined by Bloomfield et al, (1964) and one calcu-
lated by Walker (1965), Hungate (1966) estimated that about l,l gm. of 
microbial nitrogen is assimilated for each 100 gm, of carbohydrate 
fermented, 
Details of biochemical steps involved in amino acid synthesis by 
rumen bacteria remain obscure but some discussion seems warranted, 
,Presence of nicotinamide-adenine dinucleotide and nicotinamide-adenine 
dinucleotide phosphate-linked glutamic acid dehydrogenases in rumen 
microorganisms (Burchall et~,, 1964; Palmquist and Baldwin, 1966; 
Hoshino et al., 1966) indicates possible involvement of amination 
reaction in the fixation of ammonia. It is possible that some amino 
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acids may be synthesized in the rumen by transamination reactions. 
Alpha keto acids required for transamination reactions were detected in 
rumen liquor of cattle after feeding them hay, grasses or glt1cose 
(van der Horst, 1961). Synthesis of glutamine by rumen microorganisms 
was also observed by Hoshino et al. (1966). 
Ammonia Anabolism in Rumen Mucosa 
McLaren~~- (1961, 1962) found that the utilization of ammonia 
for synthesis of L-glutamate was the result of reductive amination in 
the rumen mucosa. Demonstration of nicotinamide-adenine dinucleotide-
linked glutamic acid dehydrogenase activity in rumen mucosa byHoshino 
et al. (1966) adds support to this idea. Hoshino .~ al. (1966) also 
observed the ability of rumen mucosa to. synthesize and hydrolyze 
glutamine. They postulated that glutamine serves as a storage form of 
ammonia in rumen mucosa. 
Ammonia.Absorption and Its Conversion to Urea. 
Absorption of ammonia from the rumen, reported by McDonald (1948), 
is infl.uenced both by concentration gradient (Lewis ~ al,, 1957; Hogan, 
1961) and pH (Bouckaert and Oyaert, 1952; Hogan, 1961; Bloomfield ~ al., 
1963). Ammonia is a weak base with a P~a from 8.80 to 9.15 (Bromberg 
et al o, 1960; Bloomfield et al., 1963; Visek, 1968) .. An increase in pH 
+ causes the NH4 ion to be converted to NH3, which is rapidly absorbed 
(Coombe ~ al., 1960; Hogan, 1961; Bloomfield et al., 1963). 
Absorbed ammonia is carried via portal circulation to the liver, 
where it is converted to urea. In general, only small quantities of 
ammonia are found :i,n the peripheral blood. Lewis ~ ~· (1957) reported 
that the liver was able to convert all absorbed ammon:la into urea until 
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the concentration of ammonia in portal blood reached a level of 0.8 mM 
which was observed with rumen fluid concentration of 55 to 60 mM. 
Urea Recycling 
Endogenous urea enters the rumen via ~aliva and by diffusion across 
the rumen.wall. (McDonald, 1948; Houpt, 1959; Somers, 1961a,b,c,d; 
I Packett and Groves, 1965; Juhasz, 1965; Cocimano and Leng, 1967; Houpt 
and ijoupt, 1968). l)ifft,ision through rumen epithelium seems to be the 
main route of entry (Houpt, 1959; Moir and Harris, 1962;. Juhasz, 1965) 
but blood urea is also diffused into the abomasum and the intestines 
(LeBars, 1967; Cocimano and Leng, 1967) . 
. Houpt and Houpt (1968) suggested that urea which diffuses into 
. rumen fluid from the blood was almost completely hydrolyzed before it 
entered the rumeq fluid. A possible explanation concerns the penetra-
tion of rumina.l urease into rumen epithelial layers and the possibility 
that ammonia produced here diffused more rapidly. than urea through the 
remaining layers of rumen epithelium; the net result of this effect 
could greatly increase transfer of urea nitrogen as ammonia into rumen 
fluid. In accord with this postulation, transfer of urea nitrbgen 
across the rumen wall. would also.depend on the concentration gradient 
of ammonia. 
Somers (1961a,b,c) reported that urea represented 60 to 70 percent 
of the total nitrogen in sheep saliva and that there is a positive rela-
tionship between level of nitrogen intake and amount of urea secreted 
in.saliva. Salivary glands and kidneys play important roles in the 
conservation of nitrogen by ruminants .. At the time of great need for 
nitrogen, sec-retion of urea in saliva .is increased (Somers, 1961d) and 
.excretion of urea in urine :i,.s decreased (Schmidt-Nielsen et al., 1957; 
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Schmidt-Nieisen and Osaki, 1958). Schmidt~Nielsen et al. (1957) 
reported that in the camel, on normal nitrogen intake, 40 percent of the 
urea filtered by the glomeruli was excreted in urine, but this value 
fell to 1 to 2 percent when a nitrogen-deficient ration was fed. A 
similar phenomenon was observed in sheep (Schmidt-Nielsen and Osaki, 
1958). 
Recycled urea is hydrolyzed by ruminal urease to ammonia, which 
may be used to maintain an active microbial population (Moir and Harris, 
1962). Houpt (1959) calculated that 52 percent of the injected urea 
was not recovered in urine and body fluids and thus presumably was 
utilized in the synthesis of bacterial proteins. Dietary carbohydrates 
improved the utilization of recycled urea (Houpt, 1959; Packett and 
Groves, 1965) . 
Urealysis Inhibition in the Rumen 
Bloomfield et al. (1960) reported that rate of urea hydrolysis was 
four times greater than the corresponding uptake of ammonia by rumen 
microorganisms suggesting that it lll.ight be possible to improve urea 
utilization by decreasing the rumen urease activity, 
Prescott (1953) reported that addition of aureomycin, terramycin, 
bacitracin or penicillin reduced~ vitro hydrolysis and utilization of 
urea by rumeµ microorganisms. Cahill and McAleese (1964) found that 
inclusion of auredmycin in rations containing urea improved performance 
and nitrogen retention in fattening lambs. Merino and Raun (1964) 
observed no effect of chlortetracycline on ruminal urease activity in 
sheep. 
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Gibbons and Doetsch (1959) stated that inclusion of a small amount 
of urea in the medium for a urease-positive strain reduced the produc-
tion of urease. Dietary urea reduced ruminal urease activity (Merino 
and Raun, 1964; Caffrey~ al., 1967). The reduced rumen urease 
activity observed with added dietary urea was associated with a 
decreased liveweight gains and a tendency towards lowered feed effi-
ciency (Merino and Raun, 1964); however, Caffrey ~ al. (1967) observed 
that in vitro rate of ammonia assimilation by rumen microorganisms was 
high when bacteria inoculum was taken from urea-fed lambs. 
Barbituric acid (malonylurea) inhibited in vitro cellulose c;liges-
tion and when fed to sheep it decreased gain and feed efficiency 
(~arbers ~ ~-, 1962). Clifford et al. (1968) observed that inclusion 
of barbituric acid in high roughage rations increased fecal nitrogen 
losses and thereby reduced nitrogen retention in lambs. They also 
found that neither copper nor nitrates, when employed as urease inhib-
itors in urea-containing diets, improved performance of ruminants. 
Neither inhibitor reduced ruminal urease activity as measured by these 
workers. 
Brent and Adepoju (1967) initiated studies on the use of aceto-
hydroxamic acid (AHA) as a rumen urease inhibitor. They found that AHA 
inhibited rumen urease in vitro as well as in vivo. Administration of 
3 gm. A~ per feeding.(6 gm./day) lowered rumen fluid ammonia levels. 
Streeter et~· (1968) reported that administration of AHA to wethers 
lowered ammonia concentration of rumen fluid, increased digestibility 
of dry matter and improved retention of nitrogen. ·However, Moore et~-
(1968) observed no increase in nitrogen retention of AHA administered 
steers. 
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Jackbean Urease Immunity 
Parenterally administered crystalline jackbean urease induced the 
production of a urease antibody (antiurease) in rabbits, chicks, rats, 
mice, humans, guinea pigs, swine, cattle and sheep (Kirk and Sumner, 
1931; Howell, 1932; Dang and Visek, 1960, 1964; Thomson and Visek, 1963; 
Kornegay~ al., 1964; Harbers ~ al., 1965; Glimp and Tillman, 1965). 
Irradiated urease lacked the ability.to produce antiurease (Pillemer 
et al., 1938). Active and passive immunization of animals against 
urease provided protection to lethal doses of urease (Kirk and Sumner, 
1931; Howell, 1932;. Dang and Visek, 1966, 1968) and lethal levels of 
gamma irradiation (Visek and. Dang, 1966). . Human patients with liver 
insufficiency showed increased tolerance to dietary proteins following 
urease immunization (Thomson and Visek, 1963). 
Kirk and Sumner (1934) observed that urease precipitated by anti-
urease retained up to 70 percent of its original activity. The results 
of Marucci and Mayer (1955) and Visek et al. (1967) supported this idea 
and indicated that antigen and catalytic sites of urease were not iden-
tical. They stated that enzymic inhibition by antiserum was due to 
steric hindrance, . Visek et al. (1967) reported that maximum total 
inhibition approached 70 percent when antigen-antibody ratio was 
slightly less than 0.6. Marucci and Mayer (1955) observed that although 
urease-antiurease system fixed complement, neither destruction nor 
addition of complement affected inhibitory effectiveness of rabbit 
antiserum. 
Urease immunity increased rate and efficiency of growth in rats 
and chicks (Dang and Visek, 1960). This improved performance was 
accompanied by low urease activity of gastrointestinal contents of 
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immunized animals. Wagner et al. (1963), however, failed to observe 
any effect of urease injections on the performance of chicks and rats. 
Their findings are open to criticism since their animals were injected 
with commercial preparation of urease and no efforts were made to 
determine the presence of antiurease titers. 
Kornegay et al. (1964) reported that urease immunity decreased 
urease activity in the intestines of immunized swine, but the gains were 
improved only in one out of three trials. Glimp and Tillman (1964) 
observed that urease injections showed no effect on the performance of 
swine. Unfortunately, cases of atrophic rhinitis were found in their 
animals and the controls also were positive for antiurease. They did 
not exclude the possible relationship between antiurease titers and 
atrophic rhinitis. 
Harbers et al. (1965) indicated that the change in growth rate of 
urease immunized calves was related to the level of circulating anti-
bodies. Gli.mp and Tillman (1965) observed that urease :i,.mmunity 
increased rate and efficiency of growth in lambs. 
CHAPTER III 
GENERAL MATERIALS AND METHODS 
Urease and_Antiurease Assay Procedures 
Urease 
Thrice crystalline urease from jackbean meal was prepared by the 
procedure of Mamiya and Gorin (1965) and assayed for urease at 25° C. 
by the alkalimetric method of Gorin and Chin (1966). The enzymic 
a.,cj:ivity was expressed as an International, Union of Biochemistry (IUB) 
unit. 1 
Antiurease 
Procedures used to assay antiurease were enzyme inhibition tech-
nique, hemagglutination technique, precipitin ring test and gel 
immunodiffusion technique. A brief description of each is given, 
Enzyme Inhibition Technique. Two tenths ml. of the sample was 
incubated at 37° C. for 20 minutes with 1 ml. of standard urease in 
0,02 M phosphate buffer (pH 7.0). The blank consisted of 0.2 ml. of 
sample and 1 ml. of 0.02 Mphosphate buffer. The enzymic activity after 
incubation with sample was determined at 25° C. by the alkalimetric 
method of Gorin and Chin (1966). The loss ·of urease after incubation 
was taken to represent antiurease activity of the sample; however, for 
1International _Union of Bioche~ist~y '(:l:UB) ~nit· is -defined as the 
amount of enzyme which catalyzes the hyd.roly.sis .of 0.5 u mole of urea 
and liberates. 1 u mole of all)l11onia in one minute. -
15 
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the purpose of this study it is reported as units of urease recovered 
after incubation of standard amount of urease with the sample. 
Hemagglutination Technique. Sheep red blood cells (RBC) were pre-
pared according to.Stoffer (1960). They were tanned, sensitized, and 
suspended in normal rabbit serum (NRS) as described by Kabat and Mayers 
(1967). Each sample tested for antiurease was incubated at 56° C. for 
30 minutes to destroy any complement present. The heat-inactivated 
sample was thoroughly mixed with an equal volume of washed packed sheep 
RBC and incubated at room temperature for 10 minutes to remove the 
heterophile antibodies. The controls included were NRS plus tanned RBC, 
NRS plus sensitized RBC, undiluted antiserum plus tanned RBC, and 
undiluted antiserum plus sensitized RBC, Hemagglutination titers were 
recorded after incubation at room temperature for 12 hours. 
Precipitin Ring Test. This test was performed in small bore (5 mm. 
internal diameter) serological tubes according to the procedure 
described by Burrell and Mascoli (1966). Two controls consisting of 
undiluted serum plus urease, and undiluted antiserum plus urease were 
incorporated in each test. The concentration of urease suitable for 
detecting antiurease was 90 IUB units of urease per milliliter. There-
fore, urease of this concentration was used to determine antiurease 
titers of samples diluted by double dilutions. 
Gel Immunodiffusion Technique. The technique for gel immunodiffu-
sion carried on slides was adopted from Gelman procedures 2 (1968). 
Urease, 90 IUB units per milliliter was used to detect antiurease in 
undiluted samples. 
2Gelman P')'.'ocedures, Techniques, and Apparatus for Electrophoresis. 
Gelman Instrument Co, (Ann Arbor, Michigan, 1968) p. 55. 
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Experiment 1 
The objectives of Exper\ment 1 were to determine the lowest level 
of injected urease promoting growth response and to explore the mode 
of action of urease immunity on growth. Response criteria included the 
effect of urease injections on antiurease production, growth 1;>erform-
ance, digestibility, and.plasma urea and ammonia levels in lambs. 
The composition of the diet used in all trials of this experiment 
is shown in Table I. 
Trial 1-1 
A 92-day growth trial was conducted to determine the effect of 
urease injections on antiurease production and to find the lowest level 
of urease which promotes the maximum growth response. Thirty-five lambs 
which were about 90 days of age were assigned at random to seven treat-
ments involving zero, 1650, 3300, 4950, 6600, 8250 and 9900 total IUB 
units of urease. The enzyme was injected subcutaneously using the 
schedule shown in Table II. Lambs were housed in individual and ele-
vated wooden pens having wooden slatted floors. Feed and water were 
provided ad libitum. Residual feed was weighed and discarded at weekly 
intervals. Body weights were recorded initially and at the 14-day 
intervals. All lambs were bled via a jugular puncture on the 49th day 
(14 days after last urease injection) and 92nd day (last day of trial). 
Serum antiurease assays were made by the enzyme inhibition technique. 
Trial 1-2 
A metabolism trial was conducted to determine effects of urease 
injections on digestion of dry matter, organic matter and nitrogen. 
TABLE I 
COMPOSITlON OF THE DIET IN EXJ;>ERIMENT 1 
Ingredient 
Glµcosea 
Starch (corn) 
Celluloseb 
. Alfalfa meal 
Grain sorghum (ground) 
Ureac 
Mineral mixd 
Corn oile 
Polyethylene resinf 
Choline chloride 
Vitamin A and D mixg 
Total 
% 
25.84 
25.84 
15.00 
10.00 
10.00 
4.20 
4.00 
3.00 
2.00 
0.10 
0.02 
100.00 
a Cerelose. C6rn Products Co., Argo, Illinois. 
b 
. Solka-Floc. B-W20. Brown Co.,. Berlin, New 
Hampshire. 
cCrystalline urea, courtesy of John Deere 
Chemical Co., Pryor, Oklahoma, 
dSame as in. Oklahoma Purified Diet; Clifford 
et aL, 1967. J. Animal Sci. .. 26 :400. 
eMazola .. santoquin was added to give 0.0125% 
in total d.iet. 
fAlathon. E. I. DuPont de Nemours, Inc., 
Wilmington, Delaware. 
gQuadrex, containing_20,000 and 2,500 U.S.P. 
units/gm. of vitamin A and.D, respectively. Product 
obtained from·NOPCO Chemical Co.,.Harrison, New 
Jersey. 
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TABLE II 
SCHEDULE OF UREASE INJECTIONS IN TRIAL 1-1 
.. a 
Injection Urease level , IUB units 
No. Day 1650b 3300 4950 6600 8250 
1 0 llOC 220 330 440 550 
2 7 220 440 660 880 llOO 
3 14 330 660 990 1320 1650 
4 21 440 880 1320 1760 2200 
5 35 550 llOO 1650 2200 2750 
ainjected subcutaneously. 
bEach control lamb was injectedwith 5 ml. saline. 
cUrease was added to physiological saline and assayed prior to 
each injection. Each lamb received 5 ml. 
19 
9900 
660 
1320 
1980 
2640 
3300 
20 
Upon completion of Trial 1-1, lambs whi,ch had received zero, 4950, 6600 
and 8250 units urease were given a "booster" injection of zero, 2000, 
2500 and 3000 units of urease, respectively, and were transferred to 
metabolism stalls. 'J;he sampling and preparation of feces for analysis 
were as described by Tillman and Swift (1953). On the 14th day of the 
28-day collection period b.lood samples were taken from all lambs for 
serum antiurease assays determined by the enzyme inhibition technique, 
Chemical analyses on feed and feces were determined by methods of the 
A.O.A.C. (1960). 
Trial 1-3 
Three control and three urease-injected (6600 units) lambs from 
Trial 1-2 were randomly selected.'to determine eff~cts of urease injec-
tions on plasma urea and ammonia-nitrogen levels. Two weeks bef;ore this 
trial the three control lambs were injected with.saline and the remain-
ing three received booster injections of 2700 IUB unit$ of urease. Feed 
was withheld for 16 hours before the animals were anesthetized with 
sodium pentobarbital. 3 The jugular a'nd ruminal veins were cannulated 
according to ~he procedure of Glimp and Tillman (1965). A solution 
containing 10 gm. of urea and 50 gm. of dextrose in 100 ml. of distilled 
water was infused directly into the rumen. Blood samples were taken 
immediately before and at hourly interva.ls for si:x: hours afterwards. 
Urea and ammoni~ levels in plasma were determined by procedures 
described by Conway (1962), 
3oiabutal obtained from Diamond Laboratories, Inc.,. l)es Moines, 
Iowa. 
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Experiment 2 
The objectives of Experiment 2 were to determine effects of urease 
immunity on general performance, urease activity of gqstrointestinal 
fluids, and antiurease activity in bile of lambs. 
The composition of the diet used in all trials of this experiment 
was the same as in Experiment 1. 
Trial 2-1 
As no antiurease activity was found in urease-injected lambs on the 
92nd day of Trial 1-1, a second growth trial was conducted in which a 
booster injection of urease was made on the 56th day of the trial. 
Twenty lambs averaging 120 days of age were randomly placed on two 
treatments involving zero and 6600 total lUB units of urease. The 
schedule of urease injections is given in Table III and other details 
were as described in Trial l~l. Blood samples were taken on the 35th, 
70th, and 92nd days of the trial to assay for serum antiurease activity 
by the enzyme inhibition technique. 
Trial 2-2 
Six control and six urease-injected lambs from Trial 2-1 were 
randomly selected to determine the effect of urease injections on urease 
activity of gastrointestiqal fluids. Two weeks prior to sacrificing, 
the control and urease-injected lambs were given a booster injection of 
zero and 3000 IU:a units of urease, respectively, All lambs were sacri-
ficed and contents of the rumen, . mid-ileum an.d proximal. colon were 
sampled. The liquid samples fJ:om the rumen were strained through four 
layers of cheese cloth directly, whereas the samples from the ileum and 
TABLE III 
SCHEDULE OF UREASE INJECTIONS IN TRIAL 2~1 
Urease Levela, 
Injection IUB units 
No, Day 66oob 
1 0 900c 
2 7 1400 
3 14 1900 
4 21 2400 
5d 56 2700d 
ainjected subcutaneously. 
b Each control was injected with 5 ml. saline. 
cUrease was added to physiological saline and 
assayed prior to each injection. Each lamb received 
5 ml. 
dBooster injection of ureas~. 
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colon having greater consistency, had to first be suspended in 0.02 M 
phosphate buffer. 
In pre-experimental assays the effect of chloramphenicol4 on jack-
bean urease was determined. It showed no effect on urease activity as 
shown in Table IV. Therefore, in order to prevent microbial growth in 
gastrointestinal fluids l ml. of chloramphenicol (1000 ~g/ml.) was 
added per 20 ml. of each strained fluid. Urease activity of fluids was 
determined according to Gorin and Chin (1966). 
Trial 2-3 
The objective in this trial was to test for the possible presence 
of antiurease in the bile of urease-immunized lambs. Gall bladder bile 
samples from four control and four urease-injected lambs were collected 
at the time of ~laughteri,ng lambs in Trial 2-2. Each sample was centri-
fuged at 7500 rpm at 4° C. for 10 minutes to remove the particulate 
matter. Antiurease assays on each supernate of bile samples were made 
by the enzyme inhibition technique. The effect of bile on immµne serum 
titers was determined by precipitin ring test. 
The gamma globulin fraction prepared :t;rom the supernate of bile 
from a urease-immunized lamb was assayed for antiurease by hamagglutina-
tion technique. The procedure followed to prepare this fraction is 
reported herein: one-half volume of saturated ammonium sulfate was 
added to the supernate of bile. The precipitated fraction was obtained 
by centrifuging at 7500 rpm at 4° C. for 10 minutes. It was suspended 
in 1.0 percent NaCl solution whose volume was one-half as compared to 
the initial bile sample. The suspension was dialyzed against several 
4chlormycetin (chloramphenicol) sodium succinate obtained from 
.Parke, Davis and Co., Detroit, Michigan. 
TABLE IV 
EFFECT OF CHLORAMPHENICOLa ON JACKaEAN UREA.SE 
. Chloramphenicol addedb, yg. /ml. 
Item 0 50 . 250 . 500 
Urease, IUB/ml, 29.4 29.1 29 .. 3 29.9 
aChloromy~etin (chloramphenicol) sodium succinate 
obtained from Parke, Davis and Co., Detroit, Michigan . 
. b'rhree observations per treatment. 
c . Standard error. 
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0.38 
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changes of Q.85 percent sodium chloride. The suspension was then poured 
in a graduated cylinder and dialyzed against moist polyethylene glyco15 
until a 20-fold concentration as.compared to the initial bile sample 
volume was obtained. 
Experiment 3 
The objectives of Experiment 3 were to determine the effect and 
possible mechanism of urease immunity on urease activity in the rumen. 
Response criteria included urease activity of rumen fluid, antiurease 
activity in saliva, and reaction between antiserum and ruminal urease 
of sheep. 
The composition of the diet used in all trials of this experiment 
is shown in Table V. 
Trial 3-1 
The objective in this trial. was .to determine the effect of urease 
injections on urease activity of rumen fluid. Eight rumen-fistulated 
sheep averaging about one year iri age were randomly placed on two 
treatments involving zero and 6800 IUB units of urease. The schedule 
of urease injections is given in Table VI and other details were as 
described in Trial 1-1. .All animals were bled via a jugular puncture 
on the 3.lst day of trial and. serum samples wer~ tested for antiureas~ 
by the enzyme inhibition technique, precipitin ring test and gel immuno-
diffusion technique. Rumen fluid sampl~s were collected on the 33rd 
· and 40th days of trial. They were prepared and assayed for urease as 
described in Trial 2~2. Total rumen fluid urease activity was 
5Polyethylene glycol obtained from Matheson Coleman and Bell 
~anufacturing Chemists, Norwood, Ohio. 
TABLE V 
COMPQS.ITION OF THE DIET IN 
EXPERIMENT 3 
Ingredient 
Starch (cort1) 
Cellulosea 
Glucoseb 
Isolated soya proteinc 
Mineral mixa 
Ureae 
Corn oilf 
Choline chloride 
Vitamin.A and D mixg 
Total 
% 
32.00 
30.00 
22.65 
6.32 
4.92 
2.00 
2.00 
0.10 
0.01 
100.00 
aSolka-Floc; B~W20. Brown Co., Berlin, 
New Hampshire. 
bcerelose. Corn Products Co., Argo, 
Illino.is. 
c ' Purina Assay Protein. RP-100, Ralson 
Purina Co., Saint Louis, Missouri. 
dSame as in Oklahoma Purified Diet; Clifford 
~ al., 1967. J. Animal Sci, 26 :400. 
ecrystalline urea, courtesy of John Deere 
Chemical Co., Pryor, Oklahoma. 
fMazola. Santaquin was added to give 
0.0125% in total diet. 
8Contained 40,000 and 5,000 I.U./gm. of 
vitamin A and D, respectively. 
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Injection 
No. 
1 
2 
3 
4 
TABLE VI 
SCHEOULE OF UREASE ;rNJECTIONS IN 
TRIAL 3-1 
Urease Levell;l, 
.. , . lUB units 
Day 6800b 
0 900c 
4 1400 
10 2000 
17 2500 
ainjected ~ubcutaneously. 
b Each control was injected with 5 ml. saline. 
cUrease was added to physiological saline and 
assayed prior to each injection, Each lamb received 
5 ml. 
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calculated. Rumen volumes were determined according to the procedure 
of Smith (1958). 
Two control and two urease-injected sheep from Trial 3-1 were 
randomly selected to determine the effect of urease injections on the 
possible presence of antiurease in.saliva. Two weeks before the trial 
the control and urease-injected sheep were given a booster injection of 
zero anq 3000 IUB units of urease, respectively. Saliva samples were 
collected by parotid cannulas fitted by a surgical procedure described 
later. Each sample of saliva was concentrated 10-fold by dialyzing 
against moist polyethylene glycol. Blood samples were obtained one day 
prior to collection of saliva samples. Antiurease activity of serum 
and cencentrated saliva samples was determined by the enzyme inhibition 
and hemagglutination techniques . 
. Parotid Duct Cannulation. Twelve cm. of polyethylene tubing (A) 
suitable to fit tightly into the sheep parotid duct was used. It was 
cut at an angle of slightly greater than 60 at one end and square at the 
other (Figure 1-A), A second polyethylene tubing (B) with a slightly 
larger internal diameter than tubing A and of sufficient length to 
facilitate collection of saliva was selected. One end of tubing B was 
flared with a flame as is done for connecting polyethylene adapters. 
With a hot 22 gauge needle, four holes were punched equidistantly around 
the circumference of the flare (figure 1-B). The square end of tubing 
A was inserted into the flared end of tubing B (Figure 1-C). A drop of 
plastic glue6 was applied to t~e square end of tubing A prior to 
6nab obtained from R. M. Hollingshead Corp., Sunnyvale, California. 
. 1-A 
I- B 
u---.. ~..c·:: :_-_-: _= __ o (} 
I- C 
Ligated To Dui7\ Sutured To Muscle 
To 
__ -ld, __ .,....-,,-__,,__,.._..J 'ft--'-......... -=----r----· ,.. Collecting 
Duct B 
1-0 
Figure 1. Diagrammatic Sketch of Cannulation 
of Parotid Duct 
Vessel 
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insertion. The connection was all9wed to dry for 20 minutes. 
Sterilization with chlorhexidine7 solution did not affect this glued 
junction, 
30 
Feed and water were withheld for 16 hours prior to the operation. 
Anaesthesia was induced by intravenoµs injection of sodium thiamylal8 
. 9 
and maintained by halothane. An 8 cm. long skin incision.was made and 
the parotid duct was exposed and incised. The angular end of tubing A 
was ipserted into the duct which was ligated to the tubing. The flare 
of tubing B was sutured to su:i;-rounding muscles (Figure 1-D) and the 
skin incision was repaired. 
Trial 3-3 
The objective in this trial was to test for possible reaction 
between ruminal urease and antiserum. Ruminal urease was prepared from 
mixed microorganisms obtained from the rumen of a control fistulated 
sheep as follows: approximately 400 ml. of rumen fluid was withdrawn 
through the rumen fistula. It was strained twice through four layers 
of cheese cloth. The strained rumen fluid was centrifuged at 15000 X G 
at room temperature for .10 minutes. The sediment was suspended in 200 
ml. 0.02 M phosphate buffer (pH 7.0). The suspension was again centri-
fuged in a similar manner. The sediment obtained was resuspended in 
100 ml. O .02 M phosphate buffer. The microbial cells were disintegrated 
-··. <~""' "7, --:·-.-..:._.,"' ?.- ,{~---~:!!:·:-::· 
7Nolvasan solution. 1, 1' -hexamethyle~;bi~ - l;;-(p~chl~roph;~yi) 
biguc;1.ndidE:l diacetc;1.t~ obtained from Fort Dodge Laboratories, Inc., 
Fort Dodge,. Iowa. 
8surital obtai,ned from Parke, Davis and Co., Detr.oit, Michigan. 
9 . 
Fluothane (2-bromo .. 2-chloro 1:1:1-trifluoroethane) made by Ayerst 
Laboratories, Inc., New York, New York. 
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b . 1 . d. . lO f 3 · y usin~ an u trasonic isintegrator or minutes. A cell free 
extract (ruminal urease) was obtained by centrifuging at 15000 X G at 
4° C. for 30 minutes; the material contained urease activity in vitro. 
The reaction between ruminal urease and antiserum was tested by 
precipitin ring test. 
Data from all experiments were subjected to statistical analyses 
according to applicable procedures as outlined by Steel and Torrie 
(1960). 
10Branson Sonifier (Model LS-75) manufactured by Ultrasonic Power 
Division, Branson Ins~Fument Co., Stamford, Connecticut.. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Antiurease Production and Animal Performance 
The results of Trial 1-1 are presented in Table VII. Gains and 
feed efficiencies were not affected by urease injections and these 
results appear to be at variance with those of Glimp and Tillman (1965) 
and Harbers et al. (1965). Antiurease activities were affected (P<.Ol) 
by treatment on the 49th day and the effect of the level of urease did 
not differ from linearity (P <.Ol). However, blood samples taken on the 
92nd day had no antiurease activity. It is possible that the disappear-
.ance of urease-antibodies from the animal body explains the apparent 
discrepancy of these results from those reported by Glimp and Tillman 
(1965). Harbers ~ al. (1965) alsp noted that antibody titer was 
reduced with time and that growth response was obtained when the titer 
in cattle was high but that this effect was reduced when the titer was 
low. 
The results of Trial 2-1, which are shown in Table VIII, confirm 
these earlier results. When a ho.aster injection was made on the 56th 
day of the trial the antiurease activity remained high, average daily 
gain was improved (P <.Ol) and feed efficiency was apparently improved 
(P <.10). 
The results of Trial 1-1 did not identify the lowest level of 
urease giving maximum response; however, the level of 6600 IUB units 
32 
Item 
Initial wt., kg. 
TABLE VII 
EFFECT OF UREASE INJECTIONS ON GAIN, FEED EFFICIENCY 
AND SERUM ANTIUREASE ACTIVITY (TRIAL 1-1) 
Urease levela, IUB units 
0 1650 3300 4950 6600 
27 .36 28.09 29.45 26.45 26.36 
8250 
26.18 
Av. daily gain, gm. 133 123 93 128 144 122 
Gain/feed 0.10 
Serum antiureasec 
. d 49th day 41. 3** 
92nd day 41.6 
aFive lambs per treatment. 
bStandard error. 
0.10 
35.2 
43.1 
0.09 0.11 0.12 0.11 
35.1 26.8 27.8 33.7 
41.2 40.9 41. 9 42.5 
9900 
27.18 
126 
0.11 
25.1 
38.6 
cAntiurease is expressed as urease recovered after incubation of 44.8 IUB units of the enzyme 
with serum. 
dThe effect of level of urease did not differ from linearity (P < .01). 
**P < .01. 
SEb 
13.9 
0.01 
2.1 
1.8 
w 
w 
.· TABLE VIII 
EFFECT OF UREASE; lNJECl'IONS ON·GAIN, 
FEED EFFICIENCY. AND SERUM ANTIUREASE; ACTIVITY (TRIAL 2 .. 1) 
Item 
Initial. wt., kg. 
Av. daily gain, gm. 
Gain/feed 
Serum antiureased 
35th day 
70th day 
92nd day 
Urease levela, 
IUB· units 
0 6600.+ 2700~ 
. 25. 76 26, 37 
138 167* 
0.10 
. 34.2 
36.6 25.8** 
33.8 .2Q.3** 
a . Ten lambs per treatment. 
bBooster injection given on the 56th day. 
· cStar,.dard error . 
8.6 
0.004 
0.8 
1.8 
1.3 
. dAntiurease is e~pressed as urease recovered after incubation 
of 36.6 IUB units of the enzyme with serum. 
ep < .10. 
*P < .05 . 
. **P < .01. 
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gave slightly, though not significant, better gains than other levels. 
This level seems reasonable since Glimp and Tillman (1965) found that a 
level over 9900 IUB units caused lameness in some lambs and showed 
poorer performance than a level of approximately 4950 IUB units. The 
level (6600 IUB units) is equi'valent to injecting.subcutaneously a total 
of 250 IUB units of urease per kg. initial body weight over a period of 
3 to 4 weeks. 
Digestion Coefficients 
The results of Trial 1-2 are presented in Table IX. The booster 
injections produced significant (P < .05) anti1,1rease activity in 
treated lambs. There was no significant (P >.OS) effect of urease 
immunity on digestion of dry matter, organic matter or nitrogen; 
however, all mean values of digestion coefficients of dry matter and 
organic matter were apparently higher in immunized animals than the 
controls. 
Plasma Urea and Ammonia 
The results of Trial 1-3 are presented in Figures 2 and 3. Post 
infusion change in plasma ammonia-nitrogen of blood from the ruminal 
vein was consistently low (P <.OS) in the immunized animals (Figure 2). 
Differences between treatments in the case of the plasma ammonia-
nitrogen of blood from the jugular vein were not significant (P~.05); 
howeve:i;-, the trend favored the treated animals. These results are in 
close agreement with the results reported earlier (Glimp and Tillman, 
1965). 
TABLE IX 
EFFECT OF UREASE lNJECTIONS ON DIGESTION OF DRY MATTER, 
ORGANIC MATTER AND NITROGEN 
Item 
Digestion coefficients,~ 
Dry matter 
Organic ll\atter 
Nitrogen 
Serum antiureased 
0 
75.1 
76 .. 2 
75 .. 9 
·43.4 
aFive lambs per treatment. 
bB . . ' t' ooster 1nJec ion. 
c Standard er];'or. 
e 
a . Urease level , IUB units 
4950 
+2000b 
75.4 
76.3 
75.8 
32. 7f 
6600 
+2500b 
76.8 
80.5 
78.5 
27.9f 
8250 
+3000b 
76.0 
77 .1 
76.3 
28.lf 
36 
1.0 
1.6 
0.9 
3.3 
· dAntiurease is expressed as urease recovered after incubation of 
44.8 IUB units of the enzyme with serum, 
e,fFigures bearing different superscripts are different (P < .05). 
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Post infusion changes in plasma urea from both ruminal and jugular 
blood are shown in Figure 3. DiffereQces between ruminal venous plasma 
urea values were not significant at any sampling time; however, the 
greatest difference was found at the end of the trial and these results 
agree with those of Glimp and Tillman (1965). Jugular vein plasma urea 
. . 
values were not different (P >.05) when immunized animais were compared 
to the controls; however, in agreement with the results of Glimp and 
Tillman (1965), the values appeared to be higher in immunized animals 
at all times from two hours after dosing. 
Since ammonia is absorbed through the rumen wall (McDonald, 1948) 
and its concentration in the rumen is associated with its level in 
portal blood (iewis ~ al., 1957; Hogan, 1961), the results of Trial 1~3 
indicate a decrease in the hydrolysis of urea in the rumen of immunized 
sheep; 
As blood urea concentration follows the change in rumen fluid 
ammonia concent.ration (Lewis, 1957), the jugular blood urea results also 
.support the idea that the rate of urea hydrolysis was.decreased in the 
rumen of the immunized lambs. 
The results of Houpt and Houpt (1968) indicate that some ruminal 
urease penetrates rumen epithelial layers to. some unknown distance. If 
this is true, it is possible that urease-antiurease reaction can take 
place in rumen epithelium and result in a decreased rate of urea 
hydrolysis in the l!'\,lmen of immunized lambs. 
Gastrointestinal Fluid Urease Activity 
The results of Trial 2-2 are presE:!nted in.Table X. As found in 
previous trials, the booster injection of urease produced significant 
TABLE X 
EFFECT OF UREASE INJECTIONS ON UREASE ACTIVITY 
OF GASTROINTESTINAL FLUIDS 
Item 
Urease IUB units/ml. 
Rumen fluid 
Ileum fluid 
Colon fluid 
Serum antiureased 
a Urease·level, IUB units 
0 6600 + 5700b 
34.5 31.9 
22.2 16.2 
36.2 24.9'>\' 
35,6 24.6* 
a Six lambs l>er treatment. · 
0.9 
2.2 
).0 
2.6 
bFirst booster injection (2700 IUB units) was given during 
Trial 2-1 and the second (3000 IUB units) was given as indicated 
in text. 
cStandard error. 
dA · ' d d ft ' b ntiurease is expresse as urease recovere a er incu a-
tion of 36.6 IU)3 units of the enzyme with serum. 
*P < .05, 
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antiurease activity. Urease activity of colon fluid was reduced 
(P<,OS). Immunization did not affect urease activity of fluid from 
the rumen or ileum; however, these differences approached significance 
(P <, 10). 
The results of Trial.3-1 are shown in Table XI. Serum antiurease 
as determined by the enzyme inhibition technique was affected (P<.OS) 
by treatment. Serum antiurease was a.lso detected by gel immunodiffusion 
technique (Figure 4) and precipitin ring te$t. Immunized sheep·had 
lower (P<.OS) total rumen urease activity than the controls. 
The results of Trials 2-2 and 3-1 indicate decreased urease activ~ 
ity in the rumen, colon and perhaps in ileum of immunized animals. 
These results support the observations made in rumen infusion Trial 1-3. 
Data are also in agreement with results obtained with non-ruminants 
(Dang and Visek, 1960, 1964; Kornegay et al., 1964) . 
. . - ,--
Antiurease in Digestive Secretions 
The results of Trial 2-3 are shown in Tables XIl and XIII, Anti-
urease was not found in the' bile of immun.ized lambs by the enzyme 
inhibition technique (Table XII) The pooled bile sample from immunized 
lambs raised the precipitin titer of antiserum, whereas the pooled bile 
sample from control animals showed no such effect (Table XIII). 
The gamma. globulin prepared from a sample of bile of an immunized 
lamb showed a hemagglutination titer of 160. 
Thou~h the evidence is very limited these results indicate the 
possible presence of antiurease in the gall bladder bile of immunized 
lambs. 
The results of Trial 3-2 are shown in Table XIV. Serum antiurease 
TABLE XI 
EFFECT OF UREA.SE INJECTIONS ON UREASE 
ACTIVlTY IN THE RUMEN 
a Urease level, IUB units 
Item 0 6800 
Total rumen urease, IUB x 104 32.4 21.6* 
S . c erum ant1ul;'ease 33.6 27.4** 
a Four sheep per treal;:ment and t;:wo observations per sheep. 
bStandard error. 
cAntiurease is expressed as urease recovered after incuba-
tion of 33.0 IUB units of the enzyme with serum. 
*P < .05. 
**P < .01. 
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2.99 
0.72 
A. - Urease-Injected 
B 
B - Contrcl 
0 
C - Urease-Injected 
Figure /~ . Detection of Antiurea se i n 
Sernm by Gel Immt.modiffusion. 
TABLE XII 
EFFECT OF UREASE INJECTIONS ON ANTIUREASE 
ACTIVITY IN BILE 
Urease ievela 2 IUB units 
0 6600 + 5700b 
Antiureased 
Bile 35. 8 33.2 
Serum 35.6 25.4* 
a Four lambs per treatment. 
bFirst booster injection (2700 IUB units) was g;i.ven 
during Trial 2-1 and second booster (3000 IU:S un;i.ts) was 
given during Trial 2-2. 
cStandard deviation appropriate to the difference 
between the sample means. 
Sdc 
2.6 
3.4 
dAntiurease is expressed as urease recovered after 
incubation of 36.6 IUB units of the enzyme with bile or serum. 
*P < .05. 
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TABLE XIII 
EFFECT OF BILE FROM CONTROL AND UREASE~IMMUNIZED 
ANIMALS ON IMMUNE SERUM PRECIPITIN TITER 
Diluent for 
antiserum 
Saline 
Pooleda bile from·· 
controJ. lambs 
Pooleda bil~ from 
. iminunized lambs 
a Four lambs per treatment. 
frecipitin 
titer 
1:40 
1:40 
1:160 
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TABLE XIV 
EFFECT OF UREASE INJECTIONS ON ANTIUREASE 
ACTIVITY IN•PAROTID SALIVA 
Urease levela, IUB units 
Item 0 6800 + 3000b 
Antiureased 
35.5 33.lf 
Serum 35.8 28.0* 
Hemagglutinatioq titer 
Saliva 1:20 
Serum 1:1280 
a Two lambs per treatment. 
0Booster injection. 
cStandai:-d deviation 1;1ppropriate to the difference between 
the sample means. 
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1.0 
2.2 
dAntiurease is e~pressed as urease recovered after incubation 
of 35'.8 lUB units of the enzyme with saliva or serum. 
eTenfold concentrated saliva. 
II II indicates negative. 
f 
. p < .10. 
*P < .05. 
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activity.was affected by treatment (P < .05). Concentrated saliva from 
immunized lambs apparently inhibited (P < .10) jackbean urease. Hemag-
glutination titer of concentrated saliva and serum of urease-injected 
sheep were 1:20 and 1:1280, respectively. 
The results of Trial 3~2 support the finding of other workers 
(Stoffer, 1960; Kraus and Konno, 1963; and Tourville et al., 1968) 
that antibodies are secreted in saliva. 
Reaction Between Ruminal Urease and Antiserum 
Reaction between ruminal urease and antiserum studied in Trial 3-3 
gave a precipitin titer of 160. This is in agreement with the finding 
of Visek (1962) that serum of immunized rats inhibits the urease 
activity of phosphate buffer extract of gastrointestinal contents. 
General Discussion 
This investigation confirms the finding of Glimp and Tillman (1965) 
that injected jackbean urease induces the production of antiurease in 
sheep. However, serum antiurease activity, as determined by the enzyme 
inhibition technique, disappeared in less than 92 days. Incorporation 
of urease with some suitable adjuvant should have a desirable effect on 
the duration of antiurease activity and it should be studied. 
Jnduction and maintenance of urease immunity improved the rate and· 
efficiency of growth in lambs. This is in agreement with work done 
with non-ruminants and.ruminants (Dang and Visek, 1960; Harbers et al., 
1965; Glimp and Tillman, 1965). The mode of action of urease immunity 
on growth appears to be complex and may be the result of several factors. 
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Induction of urease inununity was accompanied by growth response 
and low urease activity in the rumen, ileum and colon. The resl,llts of 
present rumen infusion studies and those reported by Glimp and Tillman 
(1965) a.lso indicate a decrease in urease activity in the rumen of 
inununized lambs. This is in close agreement with low urease activity 
found in gastrointestines of inununized rat!=', mice and guinea pigs 
(Dang and Visek, 1960, 1964) and in intestines of inununized swine 
(Kornegay~ al., 1964). Low urease activity in the rumen is probably 
due to urease-antiurease reaction, since antiurease was found in 
inununized sheep saliva and the antiserum (antiurease) showed positive 
precipitin ring test with ruminal urease. Low urease activity in intes-
tines of inununized anima.b may be the result of inhibition of intestinal 
urease by antiurease, possibly present in digestive secretions. 
Although the present results are based 01;1 very limited evidence, it 
appears that ant,iurease is present in the gall bladder bile of immunized 
ruminants. In this connection Visek et al. (1962) detected antiurease 
in the feces of inununized non-ruminants. Possible penetration of 
ruminal urease to some unknown distance into rumen epithelial layers 
was indicated by the results of Houpt and Houpt (1968). The possibility 
of urease-antiurease reaction taking place in either the epithelial 
lining of the rumen or the mucosal lining of the intestines is not yet 
known and should be studied. 
It appears that improved performance of inununized lambs is related 
to reduced urea hydrolysis in the gastrointestinal tract. It is 
possible that decreased urease activity in rumen fluid resulted in the 
improvement of urea utilization sio.ce the rapid rate of urea hydrolysis 
limits its utilization. 
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Holtzman and Visek (1965) suggested that cellular renewal in gastro-
intestinal mucosa is altered by ammonia production. According to their 
suggestion, substances which accelerate growth by virtue of anti-
bacterial action may do so by reducing urea hydrolysis in the gastro-
intestinal tract; thereby also reducing nutrient requirements for 
cellular renewal. In the present investigation decreased urease 
activity in ileum and particularly colon of immuniz~d animals was 
observed, Therefore, if the above postulation is true, ureas~ immunity 
can accelerate growth by controlling ammonia production in intestines. 
Feeding urea and its liberation of ammonia leads to profound histo-
logical changes in the intestines (Visek, 1968). The role of urease 
immunity in this area needs to be explored. 
Visek ·!:,! !!_. (1968) observed a red,uction in reduced pyridine 
nucleotides level in the liver during acute ammonia intoxication. They 
suggested that niacin might be limiting in animals fed diets which pro-
mote elevated blood ammonia levels. ·In view of the synthesis of n;i.acin 
by rumen microorganisms this effect of ammonia on reduced pyridine 
nucleotides may not be of much importance in ruminant animals. 
Chalupa et al. (1968) reported low activities of urea cycle 
---
enzymes in the liver of sheep fed urea as compared to soy protein. 
They also stated that a greater than normal hepatic load of ammonia 
possibly caused partial damage of liver in urea fed animals. A study 
of urea and ammonia metabolism in the liver. of urease-iminunized rumi-
nants, on a urea rich diet, may provide additional leads regarding the 
mechanism of urease immunity on growth. 
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Complete physiological and biochemical details involved in 
;increased growth response shown by urease-immunized animals remains 
obscure but it appears that it is related to reduced urea hydrolysis in 
the gastrointestinal tract. 
CHAPl'ER V 
SUMMARY AND CONCLUSIONS 
Three experiments involving nine trials and 63 lambs were conduct:ed 
to determine the effect of subcutaneou~ injections of jackbean urease on 
antiurease production, general performance, digestion coefficients, 
plasma urea and ammonia levels, gastrointestinal fluids urease activity, 
and digestive secretions antiurease acti,vity in sheep. Antiurease 
activity was observed in serum of all urease-injected lambs. Signifi-
cant response it'). average daily gains was ass.ociated with production and 
maintenance of antiurease activity in blood .. A total dose of 250 (Inter-
national Un:i,Qn of Biochemistry, IUB) units of urease per kilogram 
initial body weight, given by subcutaneous administration over a period 
of 3 to 4 weeks was considered suitable for this response. There was 
no significant effect of urease immunity on digestion of dry matter, 
organic matter and nitrogen;. however, all mean values of digestibility 
of dry matter and organic matter were apparently higher in immunized 
animals than the controls. 
In rumen infusion.stud;i.es post ;i.nfu1;1ion change in plasma ammonia-
nitrogen of blood from ruminal vein.was consistently lower in immunized 
animals than in the controls .. Differences between the immunized and 
controls for ruminal veno.us plasma urea values were not significant. 
. . 
Jugular vein plasma urea peak values appeared to 1;,e obtained later in 
immunized lambs than in the controls. Urease activity in fluids from 
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the rumen, ileµm and colon was low in immunized sheep. Antiurease was 
found in saliva from the. parotid duct of immunized sheep. Limited 
evidence suggested the possibility of presence of antiurease in the 
gall b.ladder bi~e of immunized lambs. Low urease activity in gastro-
intestinal tract was attributed to the presence of antiurease in saliva, 
bile and possibly other digestive secretions. The possible association 
of improved growth performance of lambs to a reduction of urea 
hydrolysis in gastrointestin~l tract is discussed. 
An improved surgical technique to cannulate the parotid duct of 
sheep is described. 
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